Study objective-To estimate the number of deaths attributable to current alcohol consumption levels in England and Wales by age and sex. Design-Epidemiological approach using published relative risks and population data. Setting-England and Wales. Main outcome measures-Numbers of deaths by age and sex and years of life lost for alcohol related conditions. Results-Because of the cardioprotective properties of alcohol, it is estimated that there are approximately 2% fewer deaths annually in England and Wales than would be expected in a non-drinking population. This proportion varies greatly by age and sex and only among men aged over 55 years and women aged over 65 years is there likely to be found a net favourable mortality balance. It is also estimated that there were approximately 75 000 premature years of life lost in England and Wales in 1996 attributable to alcohol consumption. The main causes of alcohol attributable mortality among the young include road traYc fatalities, suicide and alcoholic liver disease.
From the public health perspective, alcohol provides many challenges. Unlike most other mood altering substances, it is legal, socially acceptable and extremely widely used, thus making any control policies complicated. Moreover, it is widely recognised that alcohol can bring significant benefits as well as harm to individuals and societies. It can not only be a life enhancing convivial habit, but when consumed in moderation, it has a protective eVect against coronary heart disease 1 and possibly ischaemic stroke.
2 3 Its benefits may, however, be outweighed by an increased risk of other diseases (including cirrhosis of the liver, pancreatitis, upper aerodigestive cancers, and alcohol psychoses) and an increased risk of violence and accidents. 4 5 For certain sections of society the balance of risks and benefits, measured here in terms of deaths attributable to alcohol consumption, may result in a net number of deaths "prevented" or "delayed". This is most likely to be found among those with an underlying higher risk of heart disease, such as middle aged and elderly men. Younger men, on the other hand, may experience a net aggregate excess of alcohol attributable deaths largely because of their higher rates of weekly alcohol consumption and also their higher rates of accidents and violence compared with older men. For women the balance is complicated by the addition of a possible association between alcohol consumption and the incidence of breast cancer. 6 If at all, net positive balances will be found among postmenopausal women when their background coronary heart disease risks are increased.
Such calculations on aggregated deaths are useful to inform sensible drinking guidelines for diVerent sections of society. Clearly, the estimation of alcohol attributable deaths is only part of the picture as the toll of alcohol related harm includes additional damage to the physical and mental health of the drinker, as well as to their families, friends and others in society through accidents, crimes, violence and impaired working capacity. On the other hand quality of life improvement resulting from moderate drinking may be a very important social benefit. 7 
Methods
Mortality data in England and Wales for 1996 were obtained from the OYce for National Statistics. 8 The numbers of deaths for 26 relevant conditions, using the International Classification of Diseases version 9 (ICD-9), were extracted by age and sex. The relative risks used in this analysis, shown in tables 1 and 2, were mainly derived from a large metaanalysis (123 studies) of available international epidemiological evidence by Corrao et al. 9 Studies were assessed for quality (study design, alcohol consumption measurement, data analysis methods and adjustment for confounders) and separate risk functions were given by gender, area (Mediterranean versus non-Mediterranean), study design (casecontrol versus cohort studies) and outcome (incidence versus deaths) where appropriate. The relation between alcohol and ischaemic heart disease (IHD) was not reported in this meta-analysis as the authors were only concerned with harmful consequences. However, a subsequent meta-analysis by the same authors was published the following year.
survey was based on a sample of approximately 16 000 nationally representative men and women in which they were asked a series of questions designed to provide an estimate of average weekly consumption. Consumption among the Welsh population is very similar to the English population. 12 The meta-analysis risk functions are given for an exposure measurement in grams of alcohol per day. It was therefore necessary to convert the Health Survey for England data (given in units of alcohol per week) by fitting a log normal distribution assuming one unit to be 8 grams of alcohol. This is shown in table 3.
The relative risks were applied to the consumption levels in each sex and age group and an attributable fraction obtained using:
Population attributable fraction (PAF) for exposures with multiple levels where RR i = relative risk of mortality in exposed groups compared with unexposed group p i = proportion of the population exposed in each group i = 0 to K, where i = 0 represents non-drinkers
The attributable fraction for a particular cause of death is the proportion of all deaths from that cause that can be attributed to current alcohol consumption (assuming the relative risks describe a causal relation)-that is, the proportion by which the mortality would be reduced if everybody became an abstainer from alcohol. Where there is a protective eVect of alcohol the attributable fraction will be the increase as a proportion of the total that would result if everybody became an abstainer.
Where the development of a condition necessarily requires the consumption of alcohol (alcoholic liver disease ICD-9 571.0-571.3; alcoholic gastritis ICD-9 535.3; accidental poisoning by alcohol ICD-9 E860.0, E860.1, E860.2; non-dependent abuse of alcohol 305.0; alcohol dependence syndrome 303; alcoholic psychosis 291; alcoholic cardiomyopathy 425.5) all reported deaths were assumed to be attributable to alcohol consumption.
A single risk function was estimated by Corrao et al for all injuries and adverse eVects combined (ICD-9 800-999). We felt that it would be more informative from a public health perspective if separate component estimates were given for the proportion of alcohol Relative risks of 1.40 for "low consumption", 2.32 for "hazardous consumption" and 2.52 for "harmful consumption" ‡ ‡ *alc = alcohol dose in grams per day. †Corrao et al tested for interactions due to gender and where significant eVects were found we have used the separate risk functions for men and women. ‡Corrao et al tested for interactions due to the area in which the study was performed. Where area eVects were found, we used the nonMediterranean coeYcient. §Corrao et al tested for study design interactions and when found we have used the cohort design model. **Further details are available from the authors upon request. † †Based on an estimate from the OYce for National Statistics, personal communication. ‡ ‡See paper by English et al for details.
13 attributable injury deaths. Therefore we based our estimates on those from an earlier metaanalysis of international literature by English et al 13 for assaults (ICD-9 E960, E965, E966, E968, E969), accidental drowning (E910), accidental falls (E880-888), accidents caused by fire and flames (E890-899), inhalation and ingestion (E911), occupational and machine injuries (E919, 920), motor vehicle traYc accidents (E810-819) and suicide (E950-959).
The attributable fractions were then applied to the mortality data and an estimate was made of the number of alcohol attributed deaths "caused" or "prevented" by age and sex. These analyses adopt the most straightforward estimates of population attributable risk and ignore, in the interests of simplicity, any joint distribution of risk factors between several diseases. Data on these distributions are often sparse and varied. Moreover, as we are dealing with several diVerent diseases that inevitably share some risk factors, for our purposes concentrating on just one risk factor, this simple univariate approach was considered to be an adequate compromise.
Results
The balance in terms of estimated numbers of deaths "prevented" and deaths "caused" by conditions associated with current levels of alcohol consumption, for all adults in England and Wales, is shown in table 4. For men, the net balance shows that, on aggregate, more deaths were "prevented" than were "caused" by alcohol consumption. This is because of the protective eVect conferred by alcohol consumption on ishaemic heart disease. The risk function described by Corrao at al in their meta-analysis was such that the maximum benefit of about a 20% reduction of CHD risk was found in both men and women, but at lower consumption level for women (about 10 g/day for women and 25 g/day for men-see table 2). Harmful eVects of alcohol on CHD risk were reported at about 40 g per day for women and 120 g per day for men, but the majority of the population do not drink at these levels (see table 3).
For both men and women, the net balance shows that there were slightly more deaths "prevented" than "caused". We estimate that there were approximately 2.8% fewer male deaths and 0.9% fewer female deaths in 1996 than would be expected in a non-drinking population.
For women of all ages combined, most alcohol attributable deaths are from accidental falls, alcoholic liver cirrhosis, breast cancer, haemorrhagic stroke and colon cancer. For men most alcohol related deaths are from alcoholic liver cirrhosis, colon cancer, oesophageal cancer, suicide and road traYc accidents.
The net balance of alcohol attributable deaths for each age group and by sex is shown in figure 1. It can be seen that not until age band 55-64 years (men) does the balance start to favour alcohol consumption.
Clearly the leading causes of alcohol associated deaths ("caused" or "prevented") change Haemorrhagic stroke (302) with age. The top three contributors for each age band are shown in table 5. Unsurprisingly, by far the majority of alcohol related deaths occur in the oldest age groups, reflecting the much higher incidences of such conditions. We are less confident of the accuracy of the relative risks in these age groups as the elderly are often excluded from studies. It could also be argued that the deaths "caused" or "prevented" by alcohol consumption at this age are of less interest in terms of population health than premature deaths. Therefore in addition to a quantification of deaths by age, the potential years of life lost or gained can provide a useful measure of the public health impact of alcohol consumption. The deaths at younger ages, mainly from injuries (accidental and intentional), contribute more to the total years of life lost, while the extra years gained from a protection from ischaemic heart disease contribute comparatively less. We estimate that there were 52 412 male and 22 724 female years of life lost up to age 65 (simply subtracting the age at which each death occurred from 65). The majority of these, particularly for the men, were attributable to premature deaths under age 44 years.
Discussion
We estimated that there were approximately 1.8% fewer deaths in England and Wales than would be expected in a non-drinking population. This estimate is lower than many of those obtained in previous attempts to quantify mortality attributable to alcohol consumption. In some instances this is because of the use of moderate drinking as the reference category and the calculation of deaths attributable to drinking more or drinking less than this amount. 14 15 More often it is simply because most previous estimates did not include a protective role of alcohol. If the deaths prevented were ignored in this analysis, then approximately 2.0% of all mortality would be attributable to current alcohol consumption levels. This estimate is still lower than the estimate of 4.9% given by Schultz et al for the US population 16 or 6.2% estimated by Sutocky et al for Californians. 17 The WHO Global Burden of Disease report did incorporate the protective role of alcohol, but the authors still estimated that 1.2% of all deaths in the Established Market Economies are attributable to alcohol usethat is, a net protective estimate was not found. 18 Single et al, in their study of the economic costs of drug use in Canada 19 chose to use the relative risks derived by English et al's earlier meta-analysis 13 and estimated that there was a higher number of deaths averted by the use of alcohol than the number of deaths caused by alcohol use. DuVy applied the all cause risk estimates from the British Regional Heart Study 20 to 1987 population consumption data for men aged 45 to 64 years and also estimated that there were fewer deaths than would have occurred in an abstinent population. 21 White et al recently applied the risk functions from Corrao et al's meta-analyses 9 10 for 16 causes of death to the English and Welsh 1997 population and estimated that 0.8% of all deaths in men were prevented by alcohol consumption and 0.1% of all deaths in women were attributed to alcohol consumption. 22 Therefore there is clearly still considerable controversy surrounding the quantification of alcohol attributable mortality, but the net protective estimate found in this analysis has been reported previously by others. The UK Government's green paper, Our Healthier Nation, 23 quotes an estimated 40 000 annual alcohol deaths (derived by the Royal College of General Practitioners, 1986 24 ), which we believe to be an inaccurate and incomplete representation of the mortality consequences of alcohol consumption.
The deaths prevented occurred largely among those individuals in the oldest age groups, who had a much higher risk of ischaemic heart disease. The high burden of potential life lost among the young is of particular interest and emphasis should be placed on reducing the mortality in this section of the population, as well as reducing the larger numbers of deaths occurring among the older age groups. From this initial overall study of alcohol attributable mortality in England and Wales, it can be concluded that only for certain subgroups of the population, namely men aged over 55 years and women over 65 years, is there a net favourable mortality outcome from current consumption levels.
In the analyses described here we assume a causal relation between alcohol consumption and the various conditions. In a sensitivity analysis we excluded the large bowel cancers and breast cancer, as there is probably most controversy over the causal link with alcohol. 25 26 This restriction leads to an estimate of 12 569 or 2.3% fewer deaths in 1996 than would be expected in a non-drinking population. In terms of person years of life lost this is 66 400 years-that is, 8735 fewer years of life lost than when breast, colon and rectal cancer were included. The relation between alcohol and ischaemic stroke remains unclear and as Corrao et al's meta-analysis found a nonsignificant relation, we have not included ischaemic stroke in our estimates. Gastric and duodenal ulcers and acute pancreatitis are also not included in our calculations because the KEY POINTS x In England and Wales alcohol consumption marginally reduces mortality at a population level. x The favourable mortality balance from alcohol consumption is only found among men aged over 55 years and women aged over 65 years. x More research is needed into the possible modifications by pattern and type of consumption, age and sex. x Estimating alcohol attributable mortality by age and sex may be a useful indicator for developing alcohol strategies.
meta-analyses either failed to find any epidemiological evidence, or a non-significant relation with alcohol. The inclusion of these comparatively rare conditions would not change our overall conclusions. The complete eradication of alcohol consumption will not be a target for any rational government. Therefore, in terms of a sensible drinking policy, it is useful to estimate the most beneficial drinking level in terms of lowest risk of death. This was recently estimated by White et al to be zero consumption at ages 16 to 34 years in men and at ages 16 to 54 years in women, rising with age to eight units (72 grams alcohol) per week in men aged over 65 years and three units (27 grams alcohol) per week in women aged over 65 years. 22 
LIMITATIONS AND FURTHER AREAS OF RESEARCH
In this analysis we did not explore the consequences of diVerent drinking patterns and behaviours that exist within a population. There is epidemiological and physiological evidence to suggest that the amount of alcohol consumed in one drinking session has an important impact on the subsequent health consequence. 27 This is most apparent when considering alcohol and its relation with violence and accidents where an element of intoxication is assumed. However, "binge drinking" can have implications for the development of alcohol related diseases. For example, while the cardioprotective eVect of alcohol is associated with moderate regular consumption, cardiovascular disease and sudden cardiac death have been shown to be associated with drinking in heavy, sporadic episodes. 28 29 Another area of interest and some controversy, is the possible eVect modification of beverage type. There has been considerable debate on whether the type of alcoholic drink confers diVerent risks, for example, consumption of spirits or beer has been linked with an increased risk of cancer of the upper digestive tract compared with consumption of wine. 30 However, an alternative explanation for the increase is that spirit and beer drinkers themselves have a diVerent health profile or health behaviours to wine drinkers. 31 Unfortunately neither the consumption data nor the relative risks used in this analysis were separated into beverage type.
The majority of the relative risks used in this analysis have not been modified according to age. This is largely because the data on which such modifications would be based are sparse. To assume that the relative risks apply to all ages for each disease equally may be an unreasonable assumption, but one commonly assumed in epidemiology. Where possible the relative risks used in this analysis incorporated gender eVects. The gender eVects, when included, showed positive coeYcients, suggesting that women tend to experience consequences at lower doses than men.
The risk functions were derived from recent meta-analyses of the international literature. Caution arises when applying risk estimates to England and Wales based on other populations, 32 however, using just evidence from the UK would be severely restricting. Corrao et al tested for area eVect modifications by separating studies into those from Mediterranean and non-Mediterranean countries. Significant effects were found for cancers of the oropharynx, oesophagus, larynx and breast and therefore for these deaths we used the risk function applicable to non-Mediterranean countries.
Where possible Corrao et al used studies in their meta-analysis that were adjusted for known confounders, particularly smoking for upper aerodigestive tract cancers, breast cancer and stroke. It is not possible to completely rule out the interaction between alcohol and other risk factors, however we have used the best estimates to our knowledge.
The population data on alcohol consumption are self reported and are therefore at risk of under-estimating or over-estimating actual consumption. It has been suggested that self reported alcohol use in population surveys covers only 40%-60% of alcohol sales, 33 and individuals who are very heavy drinkers are unlikely to participate in the surveys. If the Health Survey for England underestimates the actual consumption, we will have underestimated the alcohol attributable deaths in this analysis. However, the estimated number of deaths from disorders such as alcoholic liver disease, alcoholic gastritis, poisoning by alcohol, etc, are taken from the OYce for National Statistics and do not rely upon consumption estimates. On the other hand, it is possible that these oYcial figures are aVected by underreporting, for example by coroners to protect families.
This analysis focuses on current consumption and does not consider previous levels or patterns of drinking. It is probable that an exposure over several years is needed for some conditions to develop and more longitudinal studies are needed in which changes in alcohol consumption are measured. However, this study does identify the sex and age groups for which alcohol has substantial negative consequences in terms of mortality and years of life lost and this information could be used to target prevention strategies.
While the debate on the relation between alcohol consumption and mortality from certain causes is still on the agenda, and particularly in light of recent epidemiological evidence that challenges alcohol's cardioprotective properties, 34 we believe our estimations could help inform policy decisions for the forthcoming English national alcohol strategy. 35 
